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A method is described by wtuch a single shaft multiwlre mlcroelectrode can be fabricated efficiently The resulting electrode can 
be attached to a conunerclal mlcrodnve and used for single neuronal unit recording from one or more tracks in deep brain structures 
of anesthetized or awake animals. The electrode consists of a 30 gauge stainless steel cannula through which multiple strands of 13 
~m insulated tungsten m~crow~res are threaded At the electrode tip the wires protude 3-4 mm from the cannula and are cut 
individually at suitable offsets. The tip Is stabdtzed and fixed to the cannula with cyanoacrylate At the base of the electrode the wires 
are threaded through flexible plasuc tubing that provides strain relief and are glued to individual pins of a miniature connector that 
plugs into a field effect transistor (FET) voltage follower. Good single unit recordings have been obtained routinely from the basal 
gangha of awake, behaving monkeys wath this electrode 
Introduction 
Multiple channel single umt recording is an 
attractive alternative to single channel recording 
because more data can be obtained for each re- 
cording site (Eichenbaum and Kuperstein, 1986). 
This is particularly advantageous when data are 
obtained from a trained behaving ammal since the 
number of trials an animal will perform is limited. 
A second advantage of multiple channel recording 
is that simultaneously recorded single units can be 
analyzed for functional interactions, for example, 
by constructing cross-correlograms (Perkel et al., 
1967). This type of analysts allows a first step 
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towards describing the network level of neuronal 
functtonlng, which is essential to information 
processing by the brain. 
In many single umt studies, recordings are ob- 
tained In daily penetrations so that over time a 
grid of tracks is formed to sample units from a 
structure. Most current multiple channel micro- 
electrodes, however, can be implanted m one posi- 
tion only (Chorover and DeLuca, 1972, Eichen- 
baum et al., 1972; Palmer, 1978) or allow record- 
ing of a single track (Kubie, 1984; Diana et al., 
1987). Mxchalski et al. (1983) obtained multiple 
cortical penetrations with a bundle of 12 /zm 
tungsten microwires glued into a glass pipette. 
Some investigators have implanted arrays of ml- 
croelectrodes (Krhger and Bach, 1981; Kriiger, 
1982) to sample multiple single units from a struc- 
ture. This approach has been used for recording 
sites that are close to the brain surface. Current 
designs of printed circuit multiple channel elec- 
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t rodes  a re  a l so  su i t ab le  for  super f ic ia l  r eco rd ings  
o n l y  ( E l c h e n b a u m  and  K u p e r s t e i n ,  1986). W e  have  
d e v e l o p e d  a m e t h o d  to f a b r i c a t e  m u l t i p l e  c h a n n e l  
m i c r o e l e c t r o d e s  tha t  a re  wel l  su i t ed  for  m u l t i p l e  
p e n e t r a t i o n s  to r e c o r d  f r o m  d e e p  s t ruc tures .  W e  
h a v e  used  this  e l e c t r o d e  r o u t i n e l y  for  o v e r  a yea r  
to r e c o r d  f r o m  the  basa l  gang l i a  o f  awake ,  b e h a v -  
ing  m o n k e y s  ( Jaeger  et al., 1988). 
M a t e r i a l s  and m e t h o d  
T h e  overa l l  s t ruc tu re  o f  the  e l e c t r o d e  is s h o w n  
and  d e s c r i b e d  m Figs.  1 and  2. A s c a n n i n g  elec- 
t ron  n u c r o g r a p h  o f  the  e l e c t r o d e  t~p s t ruc tu re  ~s 
s h o w n  in Fig.  3. W i t h  p racUce ,  an  e l e c t r o d e  c a n  be  
m a n u f a c t u r e d  m 90 min .  E a c h  e l e c t r o d e  c a n  be  
used  for  m u l t i p l e  penetratRons.  
F~g. 1. Photograph of a mulUwlre rmcroelectrode attached to a Kopf rmcrodnve. The shaft of the electrode ~s clamped at the top. The 
lower portion of the shaft shdes through a 23 gauge hypoderrmc needle that ~s used to penetrate dura and acts as a grading cannula as 
well. It is fixed at a position such that it will not penetrate beyond superficial cortical layers. At the upper end of the electrode a 
nucroconnector plugs directly into an FET voltage follower. A flexable piece of plasuc tubing between the base and the electrode 
shaft allows advancement of the electrode whde the connector is firmly attached to the rmcrodnve 
- - a  
b l l l l l  
Fig. 2. Schematic drawing of the multtwire electrode The 
multtw~re electrode consists of 4-10 strands of HM-L coated 
13 #m rmcrowlres (b) that are threaded through a 30 gauge 
stmnless steel cannula (a) The tungsten wires protrude from 
the bevel of the cannula for 2 5-4 mm and each wire tip ~s 
arranged at an offset of 50-200/~m from the other t~ps On the 
base of the electrode each wire is connected to a single pin hole 
of an Augat transistor rmcrosocket (d), which serves as a 
connector to a FET voltage follower Between the base of the 
electrode shaft and the connector all wires are guided through 
a length of flexible plastic tubing (c) The inset shows another 
view of the connector The shaded area indicates the protective 
epoxy cover (g) The wires are connected using salver-based 
epoxy (e) The entrance of the wtres to the flexable tubing is 
blocked with vaseline (f) to prevent epoxy from entenng the 
tubing. 
T o  begin  e lec t rode  cons t ruc t ion ,  a shaft  ~s pre- 
p a r e d  by  cu t t ing  30 gauge stainless steel tub ing  
(Smal l  Parts ,  Inc.) to the des i red  length  and bevel-  
hng it on one side with an abras ive  disk m o u n t e d  
on a dremel  tool.  The  cannula  ends  are then 
c leaned  of bur rs  wi th  a ~ 0 0  insect  p in  m o u n t e d  
on a p in  chuck.  A steel wire is th readed  through  
the cannula  to check for obs t ruc t ions  and to 
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smooth  the insides of  the cannu la  ends.  Ai r  is 
b lown  th rough  the cannu la  to clear  it of  any  meta l  
par t ic les  that  have col lected inside.  A b u n d l e  of 
m~crowires can  then be th readed  th rough  the pre-  
p a r e d  cannula .  F o u r  to 10 s t rands  of  13/~m (0.0005 
in) H M - L  coa ted  microwire  (Ca l i fo rma  F ine  Wire  
C o m p a n y )  of  the des i red  tip to connec to r  length  
with  10 cm a d d e d  are  cut. To  s impl i fy  threading ,  
all  wire s t rands  are glued toge ther  at  one  end with 
pene t r a t ing  superglue  (Super  Bonder  420, Loc t i t e  
Corpora t ion ) .  The  glued bund le  is then  th readed  
through  the 30 gauge cannu la  f rom base  to bevel  
by  hand.  This  ~s best  done  at  40 × magn i f i ca t ion  
with the a id  of  a b inocu la r  microscope .  D u r i n g  
th read ing  the cannula  is he ld  by  an a l l iga tor  clip 
m o u n t e d  to a sui table  s tand.  The  tungs ten  wires 
should  not  be  held  with meta l  forceps as this can 
cause the H M - L  coa t ing  to break .  Af t e r  the 
tungsten wires are th readed  th rough  the cannula ,  
the glued pa r t  is cut  off. The  sepa ra t ed  wire t ips 
are then ex tended  to a p p r o x i m a t e l y  10 m m  be- 
y o n d  the cannula  bevel  and  cut  ind iv idua l ly  at 
des i red  offsets with fine, sharp  scissors. The  whole  
bund le  of t ips is then pu l led  back  so that  t ips 
p r o t r u d e  be tween  2.5 and  4.0 m m  from the can-  
nula  bevel.  A t  the t ip base,  a d rop  of pene t r a t i ng  
superglue is then app l i ed  with  a w o o d e n  appl ica-  
tor  to fix the wire pos i t ions  and  s tabi l ize  the tip.  If  
the wire ends  are sp layed  a p a r t  or  curve exces- 
sively, the tip can be redone  by  u n b o n d m g  it with 
acetone,  reahgning  the wire ends  and  gluing them 
back  together.  U n b o n d l n g  and  r e a h g n m g  the t ips 
is bes t  done  with  a pa i r  of co t ton  t ipped  apphca -  
tors at  25 × magnif ica t ion .  To  comple t e  the elec- 
t rode  the bund le  of  tmcrowlres  emerg ing  at the 
base  of  the cannula  is t h readed  th rough  a piece  of 
p ro tec twe  plas t ic  tub ing  and  the wire ends  are 
glued to i ndwldua l  p inholes  of an 8-pro Auga t  
t rans is tor  socket.  To do  this the p las t ic  tub ing  is 
first glued to the t rans i s tor  socket  wi th  superglue.  
The  tub ing  should  have an inner  d i ame te r  jus t  
large enough to shde over  the end of  the 30 gauge 
shaft  of the electrode.  The  wire bund le  is th readed  
through  the p las t ic  tub ing  with  the a t t ached  Auga t  
socket.  The  wire ends  are again  glued together  
before  threading.  A d rop  of  rmneral  od ts then 
app l i ed  to the j unc t ion  of  30 gauge cannula ,  
tungs ten  wires and  plas t ic  tub ing  before  the end 
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F~g. 3 Scanning electron rmcrograph of the electrode tip The tungsten nucrow~re ends are glued together with penetrating superglue 
to avoid bending and divergence of individual wires whale the electrode is advanced into the brain Note that the superglue does not 
cover the recording tips of the tungsten wire 
of the tubing is slid over the base of the 30 gauge 
cannula. The od is sucked into the plastic tubing 
by capillary action. Applying oil to the wire bun- 
dle in this way greatly reduces recording artifacts 
due to the friction of tungsten microwires sliding 
against each other inside the cannula and plastic 
tubing. This is particularly important  when re- 
cordings are taken from moving animals. The 
H M - L  insulation is stripped off the ends of the 
tungsten wires with two pairs of watchmaker 
forceps at 12-16 × magnification. The exposed 
tungsten wire ends are each glued into one pin 
hole of the connector with conductive silver epoxy. 
As the last step, 5 min epoxy is used to cover the 
entire back side of  the connector to protect the 
tungsten wire ends during electrode handling. To 
avoid breakage of the wire bundle inside the flexi- 
ble tubing, care must be taken that no epoxy 
enters the end of the plastic tubing, wtuch is best 
blocked with vasehne or grease. 
The electrode is now ready to be attached to a 
microdrive. We have used a Kopf  hydrauhc micro- 
drive (model 1207B) for thus purpose. The imped- 
ances of individual wires should be tested, and in 
our experience acceptable impedances, tested at 
1000 Hz, range from 600 KI2 to 1.5 M~2. In 
addition, a D C  current from a 9 V source with a 1 
M$2 in series resistor can be passed through the 
wires with the wire tip as the negative pole to 
produce at the wire tips bubbles that can be 
observed through the b inocular  microscope. This 
test is ins t rumenta l  in matching  each electrode 
wire tip to each pin  on the Augat  socket. 
Results and discussion 
We have used nucroelectrodes with six 13-/~m 
tungsten  wires for recording uni t  activity from the 
basal  ganglia of behawng  monkeys  for over a year. 
Recording artifacts due to animal  movement  were 
successfully ehmmated  by applying mineral  oil to 
the mlcrowires inside the electrode shaft and plas- 
ttc tubing.  Wtth this method,  artifact free record- 
ings could be obta ined even though the animals  
were allowed free head movements .  At each re- 
cording site we choose 4 of the 6 electrode wires 
for data  collection. The qual i ty of uni t  tsolatlon 
(Fig. 4) and the abil i ty to hold single units  was 
similar to convent ional  tungsten microelectrodes 
(Micro Probe, Inc., WE500315A), which we have 
used in earlier studies with awake monkeys.  
In addi t ion to 13 ~ m  H M - L  coated tungsten 
wires, we have tested mult iwlre electrodes with 25 
/~m H M - L  coated tungsten  wires and 25 ~ m  H M - L  
coated stainless steel wires. Single unit  isolation 
was less satisfactory than for 13 # m  tungsten 
wires in both  cases. D iana  et al. (1987) report 
bet ter  unit  separat ion with multiw]re electrodes 
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Fig. 4 Four simultaneous recording traces from the putamen 
of a behaving monkey These traces were recorded from a 
muluwlre m~croelectrode with 13 btm tungsten wires A umt 
can be discriminated on each channel. The first trace shows 
two differently sized spikes that can be discriminated as 2 
single umts 
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when they use 1 8 / , m  steel wires as compared  with 
2 5 / t m  steel wires, which is In agreement  with our 
result that smaller diameter  wires are better  suited 
for single unit  recording. D iana  et al (1987) also 
note that for steel wires bet ter  uni t  isolation is 
ob ta ined  when the wire is double  coated with 
Parylene and  HM-L.  
Kal tenbach  and Gerste ln  (1986) report a 
method of sharpening  the tips of flush cut 25 y m  
HM-L coated tungsten  wires. Sharpened elec- 
trodes result in better  single uni t  isolation m their 
experience. Sharpened 25 y m  tungsten  wire elec- 
trodes were reported to have impedances  from 300 
Kf2 to 1.5 M~2, which is similar to our  impedances  
for unsharpened  13 #*m tungsten wires Improve- 
ment  in uni t  separat ion from sharpening  13 #xm 
wires would p robab ly  be less than for 25 y m  wires 
because flush cut 13 #,m wires have finer ups  than 
25 #xm wires even before sharpening  
E ichenbaum and Kupers tem (1986) in their re- 
view on mul t ichannel  microelectrodes stress the 
advantage of pr in ted circuit microelectrodes over 
bund led  mtcrowire designs. The former can be 
mass produced reliably while the latter need to be 
manufac tu red  individual ly We agree w~th this 
j udgmen t  in principle,  however, to our  knowledge 
there are no microctrcutt  electrodes available that 
allow recording from deep structures It is difficult 
to achieve thts goal since long electrode shafts 
cannot  be buil t  from a silicon wafer and to our  
knowledge connect ing  wafer electrode t~ps to w~res 
has not  been achieved on a scale ~mall enough to 
fit inside a steel cannu la  suttable for depth record- 
lngs. Thus,  current ly pr in ted  microcircuit  elec- 
trodes seem to be best suited for cortical record- 
mgs 
References 
Chorover, S L and DeLuca, A -M (1972) A sweet new mulu- 
pie electrode for chrome single unit recording m moving 
ammals Physiol Behav, 9. 671 674 
Diana, M, Garoa-Munoz, M and Freed, C R (1987) Wire 
electrodes for chromc single umt recording of dopamme 
cells m substanha mgra pars compacta ol awake rats J 
Neurosm Methods 21 71-79 
EIchenbaum, H, Pettljohn, D, DeLuca, A-M and Chorover, 
148 
S L (1977) Compact numature rmcroelectrode-telemetry 
system. Physiol. Behav, 18 1175-1178 
Elchenbaum, H. and Kuperstem, M. (1986) Extracellular neu- 
ral recording with multlchannel nucroelectrodes J. Electro- 
physiol. Tech., 13 189-209 
Jaeger, D., Gdman, S. and Aldndge, J.W (1988) Single umt 
act~wty of primate caudate nucleus m a precue task Soc. 
Neuroscl Abstr, 14, part 1 719 
Kaltenbach, J A and Gerstem, G L (1986) A rapid method for 
production of sharp t~ps on premsulated rmcrow~res. J 
NeuroscL Methods, 16:283-288 
Kruger, J. and Bach, M. (1981) Simultaneous reco~,eg w~th 30 
rrucroelectrodes in monkey wsual cortex Exp. Brain Res, 
41 191-194 
Krtiger, J. (1982) A 12-fold microelectrode for recording from 
verttcally ahgned corucal neurones J Neurosc~ Methods, 
6: 347-350. 
Kubte, J L. (1984) A drtveable bundle of rmcrowlres for col- 
lecting smgle-umt data from freely-mowng rats Physlol 
Behav, 32 115-118. 
Mlchalskl, A., Gerstem, G.L, Czarkowska, J and Tarneckl, R 
(1983) Interactions between cat strlate cortex neurons. Exp 
Brain Res, 51: 97-107. 
Palmer, C. (1978) A nucrowlre techmque for recording single 
neurons in unrestrained ammals Brain. Res Bull, 3' 285- 
289 
Perkel, D H., Gerstem, G.L. and Moore, G.P. (1967). Neuronal 
sptke trams and stochastic processes II S~multaneous spike 
trams B~ophys. J ,  7 419-439 
